Background: Monitoring of the expanded program on immunization's performance is not only limited to routine periodic reports but equally includes surveys. Based on unpublished national EPI surveillance data from the past 5 years in Cameroon, the Foumban health district has reported a high number of vaccine preventable disease suspected cases. Contradictory information on the immunization coverage in this district exists from both administrative data and published literature. As a result, the objective of this study was to estimate the immunization coverage and dropout rate in age group 12-23 months and timeliness in age group 0-59 months among children in Foumban Health District (Cameroon), in 2018. Method: This was a descriptive cross-sectional study targeting randomly selected children aged 0-59 months from Foumban health district. Data were collected by trained and supervised surveyors using a pretested questionnaire to describe the immunization coverage, timeliness and dropout rate in eighty clusters of about thirty buildings selected by stratified random sampling in July 2018.
Background
Based on the epidemiology of local infectious diseases, a number of selected vaccine doses are being administered to a given target population within each country's immunization program [1] . For children, the calendar to administer these vaccine doses is recommended by WHO or other competent institutions drawing from evidences provided by clinical trials [2] . Under ideal conditions, population adherence to this calendar implies that 100% of each cohort of target population benefit from each dose of every recommended vaccine in time. The distribution of immunization coverage, timeliness and dropout rate has been reported to be very heterogeneous across health districts and countries due to inadequacy in immunization service delivery and/or demand [1, [3] [4] [5] [6] ..
In Cameroon, the expanded program on immunization (EPI) is in charge of children's immunization. The activities of this program are carried out at the central level which is responsible for designing guidelines, ensuring the acquisition and distribution of supplies and equipment needed for vaccines and vaccination, and training and supervision of personnel in charge at the regions and districts. Immunization activities are implemented at health areas (health districts are divided into health areas which are geographic areas with the population ranging from 10 to 30 thousands) under the supervision of health district staff that are in turn, supervised by regional staff. From the routine children EPI calendar, two to four different vaccines are being administered per contact with the EPI vaccination team and each child needs five contacts between the ages 0-11 months to be administered complete doses of these vaccines. Children immunization coverage of EPI vaccines are sent by the health area to the central EPI program office on a monthly basis but, this coverage reports usually do not provide information on children who have not been reached by routine vaccination. High morbidity and mortality rates of vaccine-preventable diseases has been characterized in children with low immunization coverage, dropout rate or timeliness [7] . Data sources used in estimating EPI coverage is often administrative and has been described from previous publications as unreliable [3, 8] . In 2016, the reported administrative immunization coverage for BCG, DTP3 and measles in Cameroon were 68.6, 82.8 and 76.1% respectively [9] . Whereas, the Demographic Health Survey (DHS) conducted at household level in 2018 reported an immunization coverage (both from declaration and proofs of vaccination) of 86.7, 71.5 and 65.3% for BCG, DTP3 and measles respectively, with a zero dose proportion of 9.7% [10] . The objectively low immunization coverage probably explains the distribution of recent vaccine preventable diseases in Cameroon. Data from the national surveillance system in 2016 reported 2378, 745, 1635 and 132 suspected cases for yellow fever, acute flaccid paralysis (AFP), measles and neonatal tetanus respectively and 1884, 478, 9813 and 118 for yellow fever, AFP, measles and neonatal tetanus respectively in 2015 [11] .
A number of studies have been conducted in Cameroon on EPI during the last decade [2, 3, [12] [13] [14] [15] [16] [17] . Those focusing on EPI coverage at district level has mainly been conducted in the Centre and West regions documenting aspects on service delivery, and hospital-based and community-based immunization coverage [1] [2] [3] 16] . The most recent DHS conducted in 2018 provided information on EPI coverage at the national and regional levels [10] but, this information was aggregated at regional level without highlighting the EPI situation at district levels in the country. Based on unpublished national EPI surveillance data from the past 5 years, the Foumban health district has reported a high number of vaccine preventable disease suspected cases. Examining historical epidemiological situation in the Foumban health district, a study published more than 20 years ago documented a very low immunization coverage [16] . According to 2017 administrative reports, the EPI coverage for DTP3 (vaccine dose used to evaluate EPI coverage) and measles (vaccine dose used to evaluate EPI completeness) in the Foumban health district were above the targeted national EPI objectives. This information is contradictory with the fact that the district is reporting cases of vaccine preventable diseases to the national surveillance system and therefore poses a worry regarding the immunization coverage in this district. As a result, there is need to assess the performance of the EPI in this part of the country given the number of cases of vaccine preventable diseases reported in recent times. This survey was therefore aimed to assess the distribution of immunization coverage, timeliness and dropout rate among children under five in Foumban health district with the hope that results will be used as evidence to improve immunization performance and hence, prevent outbreaks.
Methods

Study design
This was a descriptive cross-sectional study targeting randomly selected children aged 0-59 months, from whom data were collected using a pretested questionnaire to describe the distribution of immunization coverage, timeliness and dropout rate in Foumban Health District. Data were collected with smart phones using ODK (Open Data Kit) designed forms by trained and supervised surveyors in eighty (80) clusters of about thirty buildings per cluster; selected by stratified random sampling.
Study period and site
Data collection was done in Foumban health district in July 2018. This is one of the health districts of the West region-Cameroon which has contradicting epidemiological information on the immunization coverage and disease situation based on recent reports. According to National surveillance data (unpublished source), the district has recently been affected by several outbreaks from vaccine preventable diseases such as measles and yellow fever. The district is divided into 20 health areas. Figures 1 and 2 indicate the location of the district in the West region and positions of households from which participants were selected.
Sample size estimation and sampling process
We planned to enroll at least 257 children aged 12-23 months to estimate the proportion of children immunized in this age group within the Foumban Health District. This is assuming an 84.5% vaccination coverage (from a study conducted in the same health region) [1] , 95% confidence interval and 7% precision; a cluster design effect of 2 and 80% response rate. This study assumed a design effect of 2 as recommended by WHO when similar studies in the country is lacking [18] . Recent health surveys conducted in the same region recorded non-response rate varying from 0 to 1%; notwithstanding, we decided to increase our nonresponse rate in other to increase our sample size.
This estimated number of children was enrolled from 80 clusters of about 30 buildings each expecting to find about four children aged 12-23 months per cluster. The four children within age group 12-23 months per cluster was adopted from a pre-test conducted in a neighbouring area prior to the study. Based on the fact that this study assessed more than just the immunization coverage (with timeliness and dropout rate inclusive), the Global Positioning Systems for Probability Sampling in household surveys methodology was adopted in this study. This method is an alternative approach to the WHO EPI 30 × 7 cluster sampling methodology and it has been proven to be cost-effective for EPI cluster sampling in our context [19] [20] [21] . The 80 clusters were proportionately assigned to 14 health areas (HA) based on their population size. This selection covered 2/3 of urban, rural and trans-human health areas proportionate to the district profile. In each HA, clusters were randomly assigned to quarters by systematic random sampling. Each quarter was mapped using the "my position" function of Google earth smartphone application. The screen print image of the map was divided in blocks (cluster) of about 30 buildings. One of these blocks was randomly selected and included to be visited for data collection. Each building that had a roof, door and window was visited as well as all HHs (group of people living under the same roof for at least 1 week, under the authority of a head person and usually sharing the same meal) in the building. In each HH a questionnaire was administered to consenting parents or guardians that were informed on each child's immunization status. In addition, data on the child was collected from his immunization card (IC). Each HH with at least one child under the age of five was included and questions administered on the immunization status of all children aged 0-59 months who had been living in the HH for at least a week. Closed HHs or those with no available respondent were revisited three times in five consecutive days and those that remained closed or where no respondent was present during the 3 visits were excluded.
Data tool and collection procedures
Data collection tools were developed by the research team, pretested in one of the district's HA that was not selected for the study and validated before data collection. Key variables collected per child included: age, existence of an immunization card, the number of doses administered for each EPI vaccine, and date or period of administration of the vaccine on the card. In the case where a child does not have the vaccination card, the respondent was asked if the child had ever been vaccinated. Two teams of surveyors were trained and supervised to collect the survey data by administering a face to face questionnaire and reviewing children immunization card (IC). The questionnaire was in ODK form, data collected with smartphones and uploaded daily on a password-secured database. 
Data analysis
The transmission, quality and dropout rate of collected data were monitored on daily basis. These data were downloaded on Microsoft Excel 2013 worksheet, cleaned and imported in EpiInfo7.2.2.6 software for analysis. BCG, DPT-Hi + Hb doses 1, 2 and 3 and Measles/Measles-Rubella (MR) vaccination coverage were estimated among children aged 12-23 and 24-59. Vaccination timeliness was estimated for all these vaccines for children aged 0-59 months by estimating proportions of children vaccinated at weeks 1, 2, 3, 4, months 2-5, 6-11, and more than a year after the recommended time for vaccination. General vaccination dropout rate (BCG-MR) was assessed by estimating the proportion of children vaccinated with MR among those that received BCG while specific vaccination dropout rate (DPT-Hi + Hb doses 1-3) was assessed by estimating the proportion of children vaccinated with DPT-Hi + Hb 3 among those that were vaccinated with DPT-Hi + Hb among 5-11 months (for DPT-Hi + Hb only), 12-23 months, 24-59 months and 12-59 months. Binary logistic mixed model regression analysis was performed using the child's guardians gender, age, level of education, religion and relationship to the child as confounding variables to estimate the odds ratio for children to be vaccinated for BCG, DPT-Hi + Hb 3 and MR antigens. The estimated ratios were adjusted for random effect to control for variability in children immunization status across clusters. All estimates were done at 95% confidence interval. The mapping of targeted HHs was done using the software QGIS.
Ethical consideration
This study had the likelihood of exposing participants' personal information that could be considered confidential. In order to minimize this risk, we protected children and/or parents confidentiality by not collecting data that could be used to identify participants. Parents or guardians of children were informed on study objectives and procedures before obtaining their documented approval prior to collecting data. We submitted an application for ethical evaluation to the Cameroon national ethics review committee. This application was approved by the ethical clearance number 2018/07/1058 / CE / CNERSH / SP.
Results
Coverage of clusters, buildings and households
All planned 80 (100%) clusters and identified 2121 (100%) buildings were reached with an average of 28 Table 2 presents the distribution of documented immunization status for children regarding the main EPI antigens. It is noted that the coverage of children documented immunization decreased as their ages increased.
Timeliness of EPI vaccines administered to children
Only 986 children with complete date of birth (i.e. day, month, and year) available were included in this analysis. Also, timeliness was calculated among children who received the specific vaccine antigen. Table 3 presents the distribution of time per vaccine administration before and after the recommended period for children aged 0-59 months. It is noted that more than 50% of the children received each vaccine dose more than 1 week following the recommended time. Also, more than 10% of them received vaccine doses before the recommended time.
Completeness of EPI vaccination among children
Tables 4 present the specific (DPT-Hi + Hb1-3) and general (BCG-Measles-Rubella) vaccine doses administered dropout rates. It is noted that the documented specific dropout rate (14.1%) for children 12-23 months is lower than the documented general dropout rate (50.0%). This trend was the same for children 24-59 months. Tables 5, 6 and 7 presents the assessment of factors associated with the immunization status of children taking BCG, DPT-Hi + Hb3 and Measles/Rubella as key reference points. It came out from these tables that children who were not guarded by their biological parents, children in Muslim families, and those whose guardians did not go to school were likely to be unvaccinated for these antigens.
Discussion
The survey revealed that in 2018 in the Foumban Health District (FHD), the immunization coverage, completeness and timeliness were below the EPI expected rate to allow herd immunity in the targeted population. The immunization coverage of important vaccines like BCG, DPT-Hi + Hb 3 and measles/rubella was 28.6(23. were determinants of the immunization status of the child.
Immunization coverage provides information on the risk of disease transmission in a given population [22] . For a number of diseases, the minimum vaccination coverage to protect the entire population is known and supports the national EPI objectives [23] . In Cameroon, annual immunization coverage for the third dose of DPT-Hi + Hb and measles vaccines among children aged 12-23 months is used for monitoring national and health district EPI performances [7, 8] . In the present study, the declared and documented immunization coverage for BCG, DPT-Hi + Hb3 and measles/rubella within age group 12-23 months were reported to be under the national EPI coverage objectives [8] . Coupled with the low coverage below district and national targets and more so, the coverage percentages observed are equally inappropriate to induce herd immunity. There is consistency of our results with a study published in 1992 in the same area and low consistency with other studies reporting coverage above our results but, lower than national objectives [1-3, 10, 16] . One of these studies reported a higher coverage than that of the current study and national objectives but was conducted in an urban area at health facility level targeting children 0-11 months [2] . Another study conducted in an urban area and the national demographic health survey data revealed coverage higher than the current study but lower than national targets [3, 10] . A study conducted in the same region at community level showed a coverage that was above national targets, but; a 23% difference observed between this study's coverage and the regional coverage reported in the DHS indicates a heterogeneous distribution of EPI coverage in the western region of Cameroon. The current study was not design to assess factors associated to low coverage but, other studies conducted in similar settings indexed parental ignorance, parental level of education, limitations due to geographical and cultural accessibility, outreach and door-to-door programs and poverty as key contributors to low immunization coverage [1] [2] [3] . Information and communication technology and incentives vaccination strategies for reminder has proven to be effective in improving childrens' access to EPI but have not been integrated in the routine EPI strategy [24] [25] [26] [27] [28] [29] . On this note, the efficiency of these strategies should be assessed in the Cameroon context. The effectiveness of outreach and fix post strategies have been assessed in other contexts and are recommended by the national guideline for EPI and WHO and are meant to be implemented in order to improve access to EPI services [4, 30, 31] .. The recommended timing and spacing of vaccine doses administration are based on child immune response and maturity and assessed by clinical trials and age specific risks of the diseases [32, 33] . To be immunized, a child needs to complete a number of doses in time to ensure protection. To the best of our knowledge, none of the studies conducted so far in the country has provided information on timeliness. Given that immunization timelines per vaccine doses are programmed based on immunological aspects of a child's immune system, it is therefore important to ensure that each child receives each vaccine dose in time so as to optimize the benefits provided by the vaccine. In this case, accurate data on immunization timeliness is important to evaluate such outcomes within populations. In this study, the proportion of children who missed their vaccination session and the next session (usually planned a month after) increased from 23.3% for vaccine planned at birth (BCG) to 31.7% for the last vaccine planned (Measles/Rubella). During vaccination, communication strategy and strategies to track children within the community after vaccination at the level of the vaccination team could explain such low coverage outcomes. Also, this poor coverage can equally be attributed to the demand for vaccines by parents or guardians of children and/or reasons attributed to the demographic movement of parents within our study setting. The low timeliness in the uptake of recommended vaccines within schedule could be an explanation of the reported suspected cases of vaccine preventable diseases recorded in this district and can be investigated to understand the association with low vaccination timeliness. Studies conducted in other settings have reported low timeliness of vaccines with the same trend observed in this study [34] [35] [36] [37] [38] [39] . Distribution of determinants accounting for such vaccination delays vary according to development settings and contexts across countries [36, [38] [39] [40] . In African contexts, such factors include, poor vaccination health service delivery, geographical limitations in access to health facilities, mother's level of education and poverty and in more developed countries, factors such as fear of adverse event and the occupation of the mother have been reported. The national guidelines for EPI does not include strategies to improve immunization timeliness. No interventions have been tested to improve immunization timeliness in Cameroon. Interventions strategies such as SMS for reminder [41] and communication have been tested in other contexts to improve immunization timeliness and we are recommending that, the feasibility, cost-effectiveness and acceptability of such strategies be assessed in Cameroon context. Immunization dropout rate is an important indicator to assess the performance of immunization programs and the need of supplementary vaccination of children above the targeted age group. The administration of all doses of each EPI vaccine ensures that each child is immunized at the end of their first year of life as planned by this program [4] . The results of this study indicate that in children from 12 to 23 months the documented general (BCG-measles/Rubella vaccines) dropout rate was half of the children who received the first vaccine given at birth (BCG). The fact that the dropout rate observed in this study is different from that reported for the West region (23.6%) in the DHS conducted in 2018 suggest heterogeneity in the distribution of dropout rates and illustrates a weakness of the overall EPI program in the West region. This might explain the outbreak of measles and yellow fever in the district during recent years (5 confirmed cases of measles and 16 cases of yellow fever reported in 2017) and may imply that administrative coverage is higher than the reality. This study did not assess the factors that contribute to this high dropout rate. Other studies conducted in other African regions have documented poor vaccination health service delivery, geographical limitations ino access to health facilities, mother's level of education and poverty as factors that contribute to such immunization outcomes. There is a concern regarding the great proportion of children missing to complete their vaccination at the recommended age of 11 months. There is therefore the need of intervention strategies to target this proportion of children missing out to complete routine vaccination as most immunization campaign strategies proposed to catch-up with unvaccinated children do not cover all EPI vaccines. Base on this need, a current project is testing the effect of tracking immunization status followed by the organization of monthly community immunization sessions with an objective to assess if such tracking strategy followed by community vaccination sessions can improve the coverage and timeliness of routine immunization while reducing vaccine drop-out rates.
Results of the present study has to be considered bearing in mind that, the vaccination coverage, timeliness and dropout rate were estimated based on the availability of immunization cards. The delivery of vaccination cards is free in Cameroon but not systematic due to frequent stock-outs. Some parents receive vaccination cards during vaccination and loss them for reasons that are yet to be investigated. From these facts, it is possible that some vaccinated children were considered not vaccinated. As part of a present study, we are planning to test the feasibility of tracking the immunization status of children with no vaccination cards and using the results of this tracking to refine the estimation of children immunization coverage, timeliness and dropout rate. The fact that other studies conducted in the same region reported some EPI weaknesses at different magnitudes imply that conclusions drawn from our study can be used to improve EPI performances. With respect to the study design, the use of Global Positioning Systems for Probability Sampling in household surveys and stratified random sampling of buildings within each cluster reduced the chances of selection bias in our study. Given the fact that the survey questionnaires were pretested in a similar area prior to the study and also, surveyors being well trained on survey objectives and survey tools with close supervision reduced the possibilities of response and information bias in this study.
Conclusion
Conclusively, the immunization coverage, timeliness and dropout rate of the EPI program in Foumban health district are not adequate to meet-up with the objective of the national EPI program which is 90% coverage for most vaccines. Out of 1 of 3 children who starts vaccination, approximately 1 of 2 completes vaccination and 1 of 4 receives the last vaccine (measles/rubella vaccine). This situation can explain the high number of confirmed cases of vaccines preventable diseases being reported in recent years in the survey district. Also, the age, level of education, religion, and the relationship the child has with the guardian were determinants of the immunization status of the child. Communication, training and supervision targeting health personnel involved in EPI activities at Foumban health district are needed to implement recommended national and WHO EPI strategies in order to improve children access to EPI vaccines. Further research can be focused on identifying barriers to immunization and to assess the effectiveness and efficiency of new recommended strategies that have been proven effective in other contexts as well as testing of current strategies recommended by the national program. 
